In this research article, we investigate the stability of a complex dynamical system involving coupled rigid bodies consisting of three equal masses joined by three rigid rods of equal lengths, hinged at each of their bases. The system is free to oscillate in the vertical plane. We obtained the equation of motion using the generalized coordinates and the Euler-Lagrange equations. We then proceeded to study the stability of the dynamical systems using the Jacobian linearization method and subsequently confirmed our result by phase portrait analysis. Finally, we performed MathCAD simulation of the resulting ordinary differential equations, describing the dynamics of the system and obtained the graphical profiles for each generalized coordinates representing the angles measured with respect to the vertical axis. It is discovered that the coupled rigid pendulum gives rise to irregular oscillations with ever increasing amplitude. Furthermore, the resulting phase portrait analysis depicted spiral sources for each of the oscillating masses showing that the system under investigation is unstable.
Introduction
The dynamics of coupled bodies and oscillators is significant in mechanics, engineering, electronics as well as biological systems. They are mostly represented as nonlinear dynamical systems [1] . One of the most important stages in the analysis of any mechanical model is to establish and find the solution of the dynamical equations which are referred to as equations of motion [2] . The equations of motion are often derived by the Euler-Lagrange equations. The funda-mental idea of the Lagrangean approach to mechanics is to reformulate the equations of motion in terms of the dynamical variables that describe the degree of freedom, and thereby incorporate constraint forces into the definition of the degrees of freedom rather than explicitly including them as forces in Newton's second law. Of importance is the notion of stability of a given dynamical system, where we would be concerned with the stability of some critical point of the system. Indeed stability plays a central role in system engineering, especially in the field of control system and automation, with regards to both dynamics and control.
Chutiphon [3] suggested Lyapunov stability as a general and useful approach to analyze the stability of nonlinear systems. It has two approaches: indirect and direct methods. For the second method of Lyapunov (indirect method), the idea of system linearization around a given point is used and local stability within small stability regions is possibly achieved. Seyrania and Wang [4] studied the stability of periodic solutions of the harmonically excited Duffing's equation with the direct application of the Lyapunov theorem. The damping coefficient and excitation amplitude are assumed to be small. The approximate methods were used to find the periodic solutions. They derived the stability conditions and found stable and unstable region on the frequency response curve.
Maliki and Nwoba [5] studied a mathematical model of a coupled system of harmonic oscillators using the generalized coordinates and Euler-Lagrange equation. Laplace transform was also used to get the analytical solution of the system. The stability analysis of the system was investigated by the direct method and it was observed that the coupled system is asymptotically stable for the strictly negative roots and strongly unstable for the positive roots.
Maliki and Okereke [6] investigated the stability analysis of certain third order linear and nonlinear ordinary differential equations. They employed the method of phase portrait analysis and showed, using simulation that the Hartman-Groβman theorem is verified, for a second order linearized system, which approximates the nonlinear system, preserving the topological features.
Statement of the Problem
We consider the problem of analyzing the dynamics of a triple pendulum as shown in Figure 1 . Despite the complexity of the system we will obtain, with the help of the Euler Lagrange (E-L) equations, the equation of motion of each of the individual masses (assumed to be equal). The system is coupled and joined by three rigid rods of equal lengths, hinged to each of the masses. θθ θ θ
The total potential energy of the pendulum is the sum of the potential energy of each mass; 
We now employ the E-L equations to obtain the equations of motion, i.e.;
For the first generalized coordinate j = 1, we have; ( 
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We assume the generalized coordinates 1 2 3 , , θ θ θ representing the angular displacements are small so that;
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The equations of motion for the coupled rigid body then become; 
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The model equations for the given problem are summarized as; 
Stability Analysis
For the purpose of stability analysis we must vectorize the above coupled system of differential equations. , , u u u u u u = = =       Thus the vectorized system of equations for the coupled pendulums is; 
We shall investigate the stability of the pendulum at the critical point, where The Jacobian of the system is written ( )
Computing the entries and evaluating at the critical point, we get 
where g l α = −
. For simplicity we take 1 l = , and naturally 9.8 g = .
We now employ the POLYROOT algorithm in MathCad [7] to solve the polynomial Equation (42).
Define a vector v of the coefficients beginning with the constant term, i.e.: 
Clearly not all the eigenvalues have negative real parts, we therefore conclude that the critical point of the system is unstable.
Simulation of the System of ODEs
In MathCAD we define the vector of derivatives, viz.; Table 1 is the MathCad solution matrix for the system of differential equations describing the dynamics of the coupled pendulums. This solution matrix is obtained using the Runge-Kutta algorithm. Figures 2(a) -(c) depict the graphical profiles of the solution curves. We recall that the variables 1 1 2 Applied Mathematics 
Discussion

